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• PATENTS ACT 1977 
A10754GB/DJL 

Title: Method ofProviding Gas to a System 
Description of Invention 
5 ' ' ' 

This invention relates to a method of providing gas to a system which 
separates from a gas supply, product gas. - 

Systems are known for separating from a pressurised gas supply, such as 
compressed air, product gas such as oxygen enriched gas for breathing. In one 
10 exemplary arrangement, the pressurised gas supply is hot and compressed air 
bled from a gas turbine engine, and the separating system includes at least one, 
usually a plurality of, molecular sieve beds which include molecular sieve bed 
material which in a first mode of operation, adsorbs from the compressed air 
supply, non-product gas, and in a second mode of operation when the sieve bed 
15 is opened to ambient pressures, the adsorbed non-product gas is purged from 
the molecular sieve bed material. Thus oxygen enriched product gas is 
separated out of the supply air. Such a system is known as an OBOG (on-board 
oxygen generating) system. 

OBOGS are used in aircraft to produce oxygen enriched gas for 
20 breathing purposes. 

For an aircraft, weight is a critical factor for any installed system. The 
provision of a such system which is able to provide a breathable gas avoids the 
need to cany large volumes of compressed breathable gas, in heavy containers. 
However,. OBOG efficiency depends on many factors, one- of which is the 
25 temperature of the air supply fed to it, and another of which is the amount of 
moisture in the air supply. An OBOG operates most efficiently to adsorb non- 
product gas, when the air supplied to it is within a certain temperature range, 
and because moisture in the -air supply tends to be adsorbed by the molecular 
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• sieve bed material, overly wet supply air detracts from the efficiency of 
operation of the OBOG too. 

It is known in an aircraft to cool the hot compressed air supply to a 
relatively small extent prior to feeding the air supply to the separation system, 
5 utilising ambient air which is used as a coolant in a heat exchanger, the ambient 
air typically being so-called ram air which flows through the heat exchanger by 
virtue of the movement of the aiircraft through the airj although on the ground, 
such coolant ambient air may be introduced by a fan. 

Another consideration for an aircraft, particularly a military aircraft, is 
10 the temperature of exhausted non-product gas, but even for a civil aircraft the 
exhaustion of hot non-product gas is a waste of energy. 

According to one aspect of the invention we provide a method of 
providing gas to a system which separates from a pressurised supply gas, 
product gas the method including conditioning the supply gas by both cooling 
15 and drying the gas. 

Thus utilising the method of the invention, problems of existing systems, 
particularly OBOG type systems, are at least reduced in that the temperature of 
the supply gas fed to the OBOG(S) may be controlled to be within a 
temperature range at which the OBOG(S) operate(s) most efficiently, and the 
* 20 wet supply gas is dried. Although to condition the supply gas will involve the 
provision of conditioning apparatus which will contribute weight, this will be 
counterbalanced as a smaller, lighter gas separation system than otherwise 
would be required,- may be provided. 

Iir one exampfe; the-method includes coolingilie supply gas sufficiently 
25 to remove moisture from the supply gas by condensation. Thus the method of 
the invention may include separating a gas supply into system gas, and supply 
gas, the supply gas being fed to a condenser where the supply gas is cooled by a 
coolant and moisture is removed from the supply gas to dry the supply gas, and 
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passing the system gas to a cooling device where the system gas is cooled, and 
then using the cooled system gas as the coolant in the condenser.- 

The cooling device conveniently is a turbine over which the system gas 
is expanded. Where the gas supply is hot highly pressurised gas, such as air 
bled from a gas turbine engine, energy recovered from the hot pressurised gas 
by the turbine may be utilised by the conditioning apparatus, for example, to 
drive a compressor to compress" and warm the system gas after the system gas 
has been used as a coolant in the condenser. 

The supply gas, after diying, may be further conditioned in a heat 
exchanger to bring the temperature of the supply gas to . within an optimal 
operating range for the downstream separating system. Such further 
conditioning may include wanning the supply gas in the heat exchanger with a 
warming fluid, for example with the compressed system gas from the 
compressor driven by the turbine, where provided. 

The method may include sensing the temperature of the supply gas 
downstream of the heat exchanger, to provide an input to a controller which 
opens and closes a valve to control the flow of the warming fluid to the heat 
exchanger, so that the temperature of the supply gas supplied to the separating 
system may be controlled. 

The method may thus include compressing the expanded system gas 
after using the expanded system gas as a coolant in the condenser, warming the 
supply gas after drying, in the heat exchanger with the compressed system gas, 
and then exhausting the system gas. In this way, there is a minimal wastage of 
energy in the gas supply and thenemp^ratixfe of the exhausted air need not be 
significantly above ambient temperature. 

The method of the inversion may include utilising ambient air as a 
coolant in a pre-cooler heat exchanger, to cool the gas supply prior to 
conditioning* the supply gas. 
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According to a second aspect of the invention we provide in 
combination a system which separates from supply gas, product gas ? and a 
conditioning apparatus to cool the supply gas for use in the separating system. 

The system of the second aspect of the invention may have any of the 
5 features of the apparatus described for use in the method of the first aspect of 
the invention. 

According to a third aspect of the invention we provide an aircraft 
having a combination of a system which separates from supply gas, product 
gas, and a conditioning apparatus to cool the supply gas for use in the 
10 separating system, according to the second aspect of the invention. 

The invention will now be described with reference to the accompanying 
drawing which an exemplary illustrative diagram of a combination of a system 
which separates from supply gas, product gas, and a conditioning apparatus to 
cool the supply gas for use in the separating system, operable by the method of 
15 the invention. 

Referring to the drawing there is shown a combination of a system 10 
for separating from a supply gas, product gas, and a conditioning apparatus 12 
for use in an aircraft. 

A pressurised gas supply 14 is provided, which in this example is hot 
20 compressed air bled from a gas turbine engine of the aircraft. This is pre- 
. cooled in a pre-cooler heat exchanger 1 5 by a coolant which is ram air 1 6 which 
passes through the pre-cooler heat exchanger 15 due to the movement of the 
aircraft through the air and/or by the operation of a fan. The hot compressed air 
supply 14 is thus cooled to some extent, but generally not sufficiently for 
25 optimal iise in the gas separation system 10 downstream. 

Thus the pre-cooled but still hot and compressed air is then divided to. 
provide supply air along a supply duct 17, which supply air is fed to the 
conditioning apparatus 12, and system air which is led along a system air duct 
18. 
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The system air in duct 18 is fed to a turbine 20 over which the system air 
is expanded substantially to cool the system air. The cooled system' air is then 
fed via a duct 21, to a condenser 22 where the cooled system air is used as a 
coolant to cool the supply air from duct 17 and thus to cause water present 1 in 
the supply air, to be condensed out of the supply air, so that the supply air is 
dried as well as cooled. 

Although not shown, a downstream water separator may additionally be 
provided to enable condensed water to be removed from the* supply air. The 
cooled supply air is then fed, via an optional further heat exchanger 24 to the 
product gas separating system 10, which in this example includes a plurality of 
OBOGS 25, 26 (only two of which are shown for illustrative purposes) which 
in use, separate from the supply air, oxygen enriched product gas for use in a 
downstream breathing system by crew/passengers of the aircraft. 

The system air which was used as a coolant in the condenser 22, is fed 
subsequently . to a compressor 28, which for maximum efficiency is, in this 
example, carried on a common shaft 29 with the turbine 20, so that energy 
recovered from the hot compressed supply air is used to drive the compressor 
28. Thus the system air is heated by being compressed before being fed into a 
duct 30. 

If after drying the supply air in the condenser 22, the temperature of the 
air is below the temperature range in which the OBOGS optimally operate, the 
temperature of the supply air may be raised in the optional further heat 
exchanger 24, by using the compressed and thus heated system air from duct' 30 
to warm the supply air. In order to ensure that the temperature of the supply air 
is not overly raised in the heat exchanger 24, and is raised to bring the 
temperature of the supply air to within the optimal temperature range for the 
OBOGS, a by-pass line 32 may be provided for the heated compressed system 
air, so that the system air or at least a proportion of it, may be exhausted to 
ambient at 35, without passing through the optional further heat exchanger 24. 
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The flow of system air along the by-pass line 32 is controlled by a valve 
34 which is an electrically operated valve, operated by a controller 38 in 
response to an input from a temperature sensor 39 which is positioned to sense 
the temperature of the conditioned supply air just prior to the supply air passing 
into the separating system 10. Thus the valve 34 may be opened and closed by 
the controller, and if desired proportionally, to ensure that the supply air is 
warmed only to a desired temperature in the optional further heat exchanger 24. 

Various modifications may be made without departing from the scope of 
the invention. For example, although the invention has been described 
particularly for use with an oxygen concentration system 10 for an aircraft, the 
invention may be used for other gas systems and in other environments to an 
aircraft. Thus the gas supply 14 need not be hot and compressed air, but may be 
an ambient air supply although in this case, energy may be required to drive the 
turbine 20 and compressor 28 where provided. 

, Although it is preferred for there to be provided the further heat 
exchanger 24 to warm the dried air/gas as required, if desired an alternative 
means for warming the supply air/gas to an optimal temperature for use by the 
separating system 10 may be provided. For example,, hot compressed gas from 
the gas supply 14 may be mixed with the dried supply gas, or used in a further 
heat exchanger to warm the supply gas instead of the compressed system air. 

The features disclosed in the foregoing description, or the following 
claims, or the accompanying drawings, expressed in their specific forms or in 
terms of a means for performing the disclosed function, or a method or process 
for attaining the disclosed result, as appropriate, may, separately, of in any 
combination of such features, be utilised for realising the invention in diverse 
forms thereof. 
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CLAIMS 

L A method of providing gas to a system which separates from a 
pressurised supply gas, product , gas the method including conditioning the 
5 supply gas by both cooling and drying the gas. 

. 2. A method according to claim 1 wherein the supply gas is cooled 
sufficiently to remove moisture from the supply gas by condensation. 

10 3. A method according to. claim 2 wherein a gas supply is separated into 
system gas, and supply gas, and the supply gas is fed to a condenser where the 
supply gas is cooled by a coolant and moisture is removed from the supply gas 
to dry the supply gas, and the system gas is passed to a cooling device where 
the system gas is cooled, and then the cooled system gas is used as the coolant 

15 in the condenser. 

4. A method according to claim 3 wherein the cooling device is a turbine 
over which the system gas is expanded. 

20 5. A method according to claim 4 wherein the gas supply is hot highly 
pressurised gas and energy recovered from the hot pressurised gas by the 
turbine is utilised by the conditioning apparatus to drive a compressor to 
compress and warm the system gas after the system gas has been used as a 
coolant in the condenser. 

25 

6. A method according to any one of the preceding claims wherein the 
supply gas, after drying, is further conditioned in a heat exchanger to bring the 
temperature of the supply gas to within an optimal operating range for the 
downstream separating system. 
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1'. A method according to claim 6 wherein the further conditioning includes 
wanning the supply gas with a warming fluid. 

5 8. A method according to claim 7 where dependant upon claim 5 .wherein 
the wanning fluid is compressed system gas from the compressor driven by the 
turbine. 

9. A method according to claim 6 or claim 7 or claim 8 which includes 
sensing the temperature of the supply gas downstream of the heat exchanger, to 
provide an input to a controller which opens and closes a valve in response, to 
control the flow of the warming fluid to the heat exchanger. 

10. A method according to any one of claims 3 to 9 where dependant upon 
claim 3 and claim 6 which includes compressing the expanded system gas after 
using the expanded system gas as a coolant in the condenser, warming the 
supply gas after drying, in the heat exchanger with the compressed system gas, 
and then exhausting the system gas. 

11. A method according to any one of the preceding claims wherein the 
method includes utilising ambient air as a coolant in a pre-cooler heat 
exchanger, to cool the gas supply prior to conditioning the supply gas. 

1-2. A method of providing gas substantially as hereinbefore described with 
reference to the accompanying drawing. 

13. In combination a system which separates from supply gas, product gas, 
and a conditioning apparatus to cool the supply gas for use in the separating 



. system, the conditioning system including a condenser in which the supply gas 
is cooled and dried. 

14. A combination according to claim 13 having any of the features of the 
apparatus described for use in the method of claims 1 to 12. 

15. A combination a system which separates from supply gas, product gas, 
and a conditioning apparatus to cool the supply gas for use in the separating 
system. 

16. An aircraft having a combination of a system which separates from 
supply gas, product gas, and a conditioning apparatus to cool the supply gas for 
use in the separating system according to claim 13 or claim 14 or claim 15. 

17. Any novel feature or novel combination of features described herein 
and/or as shown in the accompanying drawing. 
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ABSTRACT . 

Title: A Method of Providing Gas 

A method of providing gas to a system 10 which separates from a 
pressurised supply gas 18, product gas, includes conditioning the supply gas 18 
by both cooling and drying the' supply gas. 
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